The possibility of using nonwoven fabric made of a viscose fiber to produce Polykon mosaic materials is demonstrated for the first time in this work. The materials are obtained by polycondensation filling of polymer composites, namely, by the synthesis and curing of a weakly basic anionite and a strongly acidic sulfo cationite on the surface and in the structure of a nonwoven material made of viscose fiber. The techniques and technological parameters of the production processes are discussed. The "transition from the cationite to the anionite" process scheme in combination with the optimum times of curing is selected. The effect of the composition of the "compound" on the properties of mosaic materials is investigated. A comparative analysis of the obtained materials with Polykon mosaic materials based on a novolac phenol formaldehyde fibrous matrix is performed. The thermal stability and physical and mechanical properties of the mosaic membranes are studied.
INTRODUCTION
The demand for expanding the assortment, type, and cost range of modern membranes and membrane materials is growing each year. The current level of research and prospects for the development of various fields of membrane science are evidence of a significant growth in interest in obtaining new types of membranes [1] [2] [3] . It is indisputable that the creation of synthetic ion-exchange membranes is possible only at the interface of the chemistry of high-molecularweight compounds, quantum chemical calculations, electrochemistry, thermodynamics of ion exchange, colloidal chemistry, and modern study methods and is a priori a multidisciplinary endeavor [4] [5] [6] . The patent search performed using the Questel System [7] allowed us to confirm the relevance of the multidisciplinary research agenda. It was possible to visualize the predominance and interrelation of the technologies and fields of application of the entire range of membranes being created. Numerical ratios of the number of patent families with a technology and a field of application of membranes have been found (Fig. 1) .
The number of patent applications has been continuously growing since 1999, which makes it possible to characterize membrane materials science not only as a developed mature research area, but as promising and attractive (Fig. 2) , both technologically and commercially. The top ten patent holders in the field of membrane materials science include the following: Toray Industries, Toyota Motor, NITTO DENKO, Tianjin Polytechnic University, Samsung SDI, LG Chem, Fujifilm, TOYOBO, Dalian Institute of Chemical Physics, and Tsinghua University.
Research aimed at the development of new and improved existing ion-exchange materials to improve sorption characteristics, increase the duration of the working cycle, and decrease energy consumption and environmental stress, are included in the priority research areas.
There has recently been demand for membranes providing selection ion transfer with the simultaneous correction of pH of solutions. Such membranes are utilized in many electromembrane technologies such as the production of deionized water, conditioning of food products, and the creation of water recirculation systems in chemical industry. A characteristic feature of such membrane structural systems is the possibility to control the ratio of the functions of transport of salt ions and generation of dissociation products by varying the thickness of one of the layers constituting a bipolar membrane [8] [9] [10] [11] .
Bilayer bipolar membranes based on a strongly acidic sulfo cation exchanger obtained by the sulfona- tion of a copolymer of styrene and divinylbenzene as well as from a polyfunctional anion exchanger containing secondary and tertiary amines, in addition to ammonium bases, are widely known on an industrial scale. Using the polycondensation filling [12] method, we obtained a bipolar membrane [13] that consists of alternating ion-exchange layers formed on reinforcing fillers (a series of large-tonnage chemical fibers was used as such). However, in the case of this production technology, when the alternating layers are obtained independently of each other, followed by the joint pressing at the last stage of the process, a series of serious technological and operational complications emerges. Using this technique, it is technically difficult to achieve a polymer system uniformly crosslinked through the bulk and to provide an expanded region of deformational stability, which, in turn, leads to the thermal and oxidative variability of the systems being obtained. A promising direction aims to exclude the above contradictions and involves the development of an original production technique of Polykon mosaic materials with the laminar alternating formation of the cationite and anionite layers of the polymer matrix. This will make it possible to achieve the required level of electrochemical and mechanical characteristics of ion-exchange mosaic membranes while significantly simplifying the production process. A characteristic feature of the study being presented consists in the fact that the formation of the cationite and anionite components of the membrane was simultaneously carried out on the surface of a fibrous matrix, which is very important in terms of process reproducibility and further functional and operational stability of the materials being obtained.
EXPERIMENTAL
Samples obtained by the polycondensation filling method, which contained both cationite and anionite laminar alternating matrices formed directly on the surface and in the bulk of a fibrous frame, were the objects under study. The cationite matrix was a polymer analogue of a known strongly acidic KU-1 cationite and contained a sulfo group -SO 3 H. The anionite matrix was a polymer analogue of an EDE-10P polyfunctional anionite with mixed basicity and contained secondary and tertiary amino groups and quaternary ammonium groups. A nonwoven material made of a viscose fiber and a satellite matrix, a fabric made of Kynol novolak phenol formaldehyde (NPF) fibers, were used as the fibrous frame. The formation of sulfo cationite and polyfunctional anionite sections was executed on the fibrous matrix according to the scheme in (Fig. 3) .
Two preparation techniques were studied. The first technique consisted in the initial formation of a cationite matrix (Fig. 3a) , while leaving a free space on the fibrous frame for the subsequent formation of the anionite matrix. The second technique was similar to the first except that the anionite matrix was formed first (Fig. 3b ), while leaving a free space on the fibrous frame for the subsequent formation of the cationite matrix. The morphology and thicknesses of the samples were determined on an analytical complex based on a MIRA 2LMU scanning electron microscope. To study the kinetics and thermodynamics of the occurring processes, differential scanning calorimetry on a DSK-500 instrument with the application of the DSK Tool interface software was used, which made it possible to find the zones of maximum heat release and to calculate the heat effects and rates of the reactions of synthesis and curing. The experiment was carried out under the following conditions: an air atmosphere, a temperature range from 25 to 140°C, and a heating rate of 8 K/min using a weighed amount of 0.02 g. The instrument was calibrated by reference tin. The accuracy of determination of AH was ±10 cal/g. Thermogravimetric analysis was applied [14] to estimate the RESULTS AND DISCUSSION According to the data of scanning electron microscopy, the diameter of the single fibers of the viscose matrix is ~8-12 μm and of a Kynol fiber, ~10-17 μm, at the thickness of the ready-to-use structures on the viscose fiber of ~0.3 mm and on a Kynol fiber, of 0.5-0.8 mm. In the ready-to-use membrane structures, dark cation-exchange sections alternate with a period of about 4 mm in the bright color of the anionic fragments. The comparative analysis was performed on two fabrics, namely, a nonwoven material made of viscose ( Fig. 4) and a fabric made of NPF fibers (Fig. 5) . The characteristics of the chosen fibrous supports are presented in Table 1 .
At the first stage, the study was performed on the individual components of the matrix of the mosaic membrane, namely, cation-exchange and anionexchange components. The obtained results show a decrease in the rates of synthesis and curing on the 100 Pm 500 Pm fibrous supports in comparison with a pure cationite matrix, which is associated with the dilution of the system and the occurrence of chemical reactions not in the pure bulk, but in the cavities and pores and over the surface of the fibers. But the decrease in the rates on the viscose filler is not as substantial as on NPF. Here, the processes occurring on the NPF fiber and viscose fiber occur with the heat effects of the reactions which are 2.5-fold and 3.3-fold higher than the synthesis and curing in the absence of a fiber, which indicates the formation of a more complex multilevel spatial structure ( Table 2 ).
The next step was the study of the formation processes of a mosaic membrane with laminar alternating sections as a whole. The analysis of the data showed identical values of the rates of the reaction of synthesis and curing and regions of heat release of the occurring processes on the fibers under study; here, a significant influence of the process execution sequence was noted (Fig. 6 ).
To work through the production process of mosaic membranes, the influence of the time of exposition upon the curing of the ionite matrices of the material on the amount of volatiles and yield of the ready-touse oligomer was studied. These parameters characterize the completeness of the process and are of great importance for the production of materials with high sorption and physical and mechanical properties, which is not unimportant for the operation of these materials. The experiment was performed by the individual components (anionite and cationite) of the mosaic membranes.
The obtained data are presented without taking into account the fact that the products participating in the reactions are taken in aqueous solutions with a specific concentration.
The performed studies on Polykon mosaic materials with the laminar alternating formation of the cationite and anionite layers of the polymer matrix made it possible to choose the sequence of the production process of mosaic membranes on a nonwoven material 600 400 made of a viscose fiber in favor of the first technique (the transition from the cationite to the anionite (Fig. 6a)) with the optimum duration of the process of curing of the ion-exchange matrices of at least 6 hours.
The results of the investigation of the thermal stability of the samples are presented in Fig. 7 . For the initial fibrous base, the first stage, the removal of moisture from the material, is recorded in a range of 90-135°C. The second (230-350°C) and third (350-420°C) stages in the TGA curves correspond to the partial destruction of the material. Only two stages are observed for the cationite fragment, 190-260 and 260-209°C. For the anionite fragment, the first, second, and third stages are shifted to the region of lower temperatures of 25-160 and 160-290°C are more prolonged, and the third step is seen in a range of 290-350°C.
For the technique of formation from the cationite to the anionite on a viscose fiber, the tensile strength was 4.1 MPa, from the anionite to the cationite, ~3.9 MPa at a load of 20 N, and for NPF fibers, 3.4 MPa. The investigation of the thermal stability and tensile strength of the mosaic membranes confirms the influence of the cationite and anionite components on the structure of the materials being obtained which is determined by their chemical nature and preparation technique.
CONCLUSIONS
The proposed preparation technique of the laminar alternating layers of a mosaic membrane leads to the strengthening of the polymer frame and formation of a more branched structure consisting of a fiber and an ion-exchange binding agent with the predominance of the cationite matrix. The main techniques and parameters of the preparation process have been worked through-the process scheme has been chosen in favor of the first technique (the transition from the cationite to the anionite) with a time of at least 6 hours; their influence on the structure and physical and mechanical parameters of the membranes has been investigated.
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